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SPECIAL  REPORT,  VT/0703 

ANALYSIS  OF  DATA  FROM  SIX  PORTABLE  STRAINMETERS 
_  IN  SOUTHERN  NEVADA 


1.  INTRODUCTION 


1.1  OBJECTIVES 

This  is  a  special  report  describing  the  work  undertaken  in  the  period 
15  August  1970  to  31  August  1971  to  operate  instruments  and  analyze  data  from 
six  portable  strainmeter  systems  at  six  sites  on  and  near  the  Nevada  Test 
Site  (NTS).  The  work  was  performed  under  Contract  F33657-70-C-0646,  Amend¬ 
ment  4.  The  report  is  submitted  in  accordance  with  sequence  number  A005  of 
the  Contract  Data  Requirements  hist.  The  Statement  of  IVork  is  included  as 
appendix  1. 


Prior  to  this  contract  period,  the  six  strainmeters  were  operated  in  the  period 
February  through  April  1970  to  evaluate  their  field  operational  characteristics 
and  to  record  t lie  IIANDLEY  event.  The  work  is  described  in  Technical  Report 
No.  70-10,  Special  Report,  Vl'/S703,  Evaluation  of  Field  Operational 
Characteristics  of  the  Portable  Strainmeter  System,  dated  31  July'  1971 . 

Following  the  IIANDLEY  event,  the  six  systems  were  removed  and  stored  in  a 
government  warehouse  at  Mercury,  Nevada.  The  strainmeters  were  left  in  place 
in  order  to  preserve  temperature  stability  in  the  tunnels  and  trenches. 

Operation  of  the  six  sites  at  the  locations  shown  in  figure  1  and  table  1  was 
resumed  in  September  1970  under  the  present  contract.  One  objective  of  the 
operation  was  to  obtain  continuous  recording  of  strain  and  to  analyze  long¬ 
term  environmental  effects  observed  during  an  annual  cycle.  Specific  goals 
included  the  following: 

a.  Measuring  both  the  short-term  and  long-term  strain  characteristics 
at  each  site; 

b.  Evaluating  the  limitations  of  shallow  tunnel  and  trench  sites  in 
terms  of  strains  induced  by  the  tides  and  temperature  changes. 

Another  objective  was  to  provide  detailed  interpretations  of  strain  data 
obtained  from  significant  individual  events.  Specific  goals  included  the 
following: 


a.  The  determination  of  strain  characteristics  of  signals  selected  by 
the  Project  Office; 
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Figure  1.  Location  of  strain  sites 
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Table  1.  Portable  strainmeter  site  locations 
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c.  The  measurement  of  site  coupling  coefficients. 

The  operation  was  carried  out  under  the  following  limitations; 

a.  The  six  portable  strainmeter  systems  were  salntained  by  only  one  san 

contraciorM^holic "office;  “*"*  lCP‘  °"  ha"J  elShCr  in  ,he  fl'1J  «  «  the 

‘yS,T  ““  °P'r:1"J  "ithout  a  control  circuit  to  autout icol lr 
»r»tew  heyoml'their  uroMc'’"^"!''1  ‘CCU‘'r  fr°*  dri''1"1  u"a,tenJeJ 

«  th  and  hr.  haincr  Mod)  .„J  t0  ,ho  thilv^M”  of  N^da  Cf  il^  ivai . 
chance";  \n\V rc^,  fl'ejd!  P"CP"CJ  *  •*«crlbl»* 


I . :  S  VSTl-M  MOO  1 1 1  CAT  ION  S 

table  :  contains  the  recording  foraat  and  a  schedule  of  chances  for  the 
por  able  strain  system  in  the  Use  period  'larch  1970  throughKJuly  1971 

J;r,nfirCSU8pt‘°n  °t  °Pcratlon  3bout  *  Septesber  1970  the  following 
modifications  were  perforaed:  ns 

,nn  n,c  fucl  supply  was  doubled  at  each  site  by  the  addition  of  one 

.  b  tank  of  propane  and  an  autooatlc  switching  valve.  The  30-dav  fuel 

thTloneao^aCto”ry  t0  ^  d,ff,CuUi”  »«  «»*  scheduling  of  visits  by 

b.  The  radio  circuit  was  rewired  to  allow  application  of  a  S-ninut 
manual  reference  signal  at  0,1  II:  to  facilitate  playback  procedures  since 

faJmt^  SC3rCh  Cquif>SCnt  for  not  available  at  the  playback 

c.  At  the  end  of  September  1970  an  interim  wlde-band  low-cain  stni 

“®*  adfcd  l°  t5CrtSystc*  by  laPPinS  ^*0  the  secondary  strain  channel 

x i/.T*?lnf  thC  °\01  H:  filter  3fld  ^cording  the  signal  on  channe? 

No.  3  of  the  tape  recorder.  (See  item  3b  in  table  2).  ' 
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Table  Recording  foraat  and  schedule  of  changes 


Magnetic 
Tape 
Recorder 
Channe 1 

\o. 

1 


a 

3 

3 

4 

5 

(i 


Pri .  Strain 

Mode 

PH 

Pri.  Strain  Reset  Count 

Hi rcct 

Hide- Band  111 -Cain  Strain 

F>1 

TUbe  Tc»p.  Reset  Count 

Hi rect 

Hide  Band  l.o-Cain  Strain 

Hi rect 

Hide  Band  Lo-Cain  Strain 

174 

Tube  Teap 

1M 

Sec.  Strain 

PM 

Cnvl ronacntal 

174 

Ti«e  Code  (KhVB) 

Hi rect 

(3b) 

1970 

J  F  H  A  M  J  J  A  S  n  v  n 

1971  n 

J  F2U  >1 

*  J 

r-  * 

j 

=j 

Site 

RJ'-.W 

KP-NV 

QM-NV 

Tl-NV 

VM-XV 

OH- NY 


Installed  wide-band 
lo-gain  strain  In 
channel  No.  5,  direct 
■ode.  0.09  -  3  ||; 

02  October  1970 
30  October  1970 
01  October  1970 
01  October  1970 
04  October  1970 
00  October  1970 


(3c) 

Converted 
channel  No.  3 
to  171  mode,  0  -  5  II: 

- 1  February  1971 
28  February  1971 
13  February  1971 
00  February  1971 
25  February  1971 
11  February  1971 


CIO 

Installed  wide-band 
hi-gain  strain  in 
channel  No.  2,  1-M 
node,  0,015  -  5  II: 

25  April  1971 
-0  April  1971 
28  April  1971 
-3  April  1971 
21  April  1971 
M  April  1971 
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d.  Direct 
were  replaced  in 
low  cutoff  to  dc. 


So-  "I'  “if-b»n‘‘, channel 

(Sec  itc.  5e  in  salS)  '  °  em""1  ,hc  1 


in  channel  No  J’  of "the 'magnetic 'tant-"-- *  (0’0IS  t0  S  1,2 )  «M  installed 
■he  interval  in  ii XK  .  L  ViAlhV!''  ’l> 

and*to  'serve  ll  T/ZTr  £\" 

channe.  ^?rv7^  wideband 

Frequency ' response  .“n'r: H^re0"!!^”'10"  ‘S  “  «**"  *• 

I'err;;;:,'  ;hc  s>'5tco  to  -  *«*»«»  «•«  -a  .  stcP  calibration  is 


1.3  MA1NTE.NANCI; 


sswsr'is  r  si*"‘“  —»• «»««. 

regained  with  only  minor  adjustments  i°  30  si£nals  ^ron  aIl  sensors  were 
the  scaled  tunnels  containing  h,„  «»  "  ranRC  settings  and  without  entering 

was  satisfactorily  maintained  by  thc^sc  ofaspr^£rwound°rsJnU! fX  °l  reCordinK 
paper  recordings.  However,  loss  in  contin^i  J  ^  "in  s ilZ  ^‘h  1 ^ 

^  S-r 

p^T^ri:^b:  i  iii  ^r:,:v 1  ?,%f  ^  ^  “ea 

sites  KP  \v  „|  «,  rv  *  IJ7'  *',,cn  ncw  thermopiles  were  installed  at 

rrrs: 

tenpe rat ure* changes  Sr 
ou.putp,Ov.sCee<i8t,„  range' 

«5u?t°no?  accuBulation'of'water^in^thc'minc  J*  ^  J“"'  1971  “  • 

transducer^ectronics!'*1  f™  **  "inc  -5  JS^hS"4"' 
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ft  <yf»  --  Scht^Jtlv  «f  KHli  1*104  Mr»iw  i;h*nr£-l  cQttfifunt  N»n 
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slculaj:  strain 


Secular  strain  neasurenents  froa  all  sites  have  been  plotted  in  f inure  ; 

w«  tc«.natreJ£h  ^uly,,U71  wh*n  o^ration  o'  the  six  portable  strain  sites 
the  pass  band  of  Sfrai"S  aS  JcfincJ  •**«?  include  all  strains  outside 

of  secular  strain  ^L&'o i^^Tif*:^:1^ 

T™ti0."S  rC,fICCt  311  5°UrCC5  of  Slra‘"  deluding  astrono^ieal^  ,  j  ‘ 

tern  -ff-.?f  ,UCJ,CC5  ar!f  ncKnKiblc  »*hen  compared  to  the  Magnitude  of  the  lone- 

!:  «r.7?;r  jji-sr  c,,an,c  ln  ,,rau  °vcr  an 


Table  3.  Secular  strains 


Site 

Maxi nun  seasonal 
change  in 
strain  (\lo°  ato) 

Maxiaua  seasonal 
change  in  tube 
temperature  (*C) 

RII-NV 

15.0 

4.1 

• 

kT-  M 

17.4 

qn*M 

5.5 

• 

TUXV 

14.0 

* 

S.il 

••  a* 

d,  t 

io.: 

•Not  computed 

o.:» 

Resultant 

Seasonal  strain  1-year 
coefficient  change  in 
(a/m/*C)  _  strain  (\lu°) 

3.S  *10. 0(c) 

*  -10.4(c) 

♦  :.3(c) 

*  ♦  0.2(c) 

1.0  ♦  0  (c) 

-0  *8.5  (c) 


(c)  compression 
(c)  extension 


HlCthI1»atlr  S^aSOnnI  chan*e#  in  strain  a»ong  the  sites  are  not  explainable 

Of  u!c  ri'vv1:'i'l0np(,r'"':h  or  ,un“"i  h#w"-  ",c 

one  fTI  v  )  ,  '*M)  ,as  lcs*  sca*ona  1  change  than  the  shallower 

?h»  oliicJ'ul^SY  ^  S !!’rr  lU"-NV'  ha!<  «««*l  olianpo  l„ 

f  H  ^  seasonal  change  does  nol  appear  to  be  related 

o  the  temperature  change  in  the  tunnel,  a5  measured  on  the  tube.  For  cxaanlo 

Stra.in  t0  luhc  te*lH,rati.re  Varies  froa  1.4  x  10-O/«*  \x 

cxnlairied‘bv  V  ^  11,0  lar*c  dlff‘?r™ccs  in  the  ratio  are  not 

JUiliS^o^oMlhin*??  coupl  ing  coefficients,  and  are  not  reasonable 

the  skes  o  l  ir'-"  expansion  coefficients  of  the  rock  anong 

IT,  .  1  15  possible,  however ,  that  the  tenperature  of  the  tube  docs 

stronclvr?n? \Y  rcflcct  ;hc  leBP««-3ture  of  the  rock  at  those  depths  that  aost 
strongl)  influence  strains  Measured  in  the  tunnels.  \  typical  ' relat ionshin 
aaong  strain,  tube  temperature,  and  free  air  temperature  over  the  11  aonth 
operational  period  is  shown  in  figure  o  for  site  RII-NV. 
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Figure  5.  Secular  strain  at  six  portable 
strain  sites  in  southern  Nevada  during 
the  period  March  1970  through  July  1971 . 
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Figure  6 


Secular  strain  and  temperature  observations  at  Site  Ril-NV 
in  the  period  September  1970  through  July  1971 


G  6545 


‘iit's!  £.,**&  rrai n  for  eac" sue- 

srsss  aw  - 

S?n;o-Sor^^;resiL:rr:[t,,0d"a“"l’S“cS"";“--- 

r-# ~ ~ w. 

data  does  not  fit  any  pattern  tint  Wnni  i  Cral  °f  t  1C  sites-  Furthermore,  the 
regional  stnin  fini  i  ?  .  that  would  suggest  a  long-term  trend  in  the 

resultant  change  in  strain°is  'a^oiuTt^  The[efore»  il  is  concluded  that  the 
to  subregions  5  ' t°  CaCh  ^  “  BMt' 
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3-  COUPLING  OF  TliL  T1DLS  AND  EARTHQUAKES 


In  any  study  involving  earth  motion  at  two  or  more  sites,  the  degree  of 
coupling  of  the  instruments  to  the  earth  or  of  the  surface  material  to  the 
rock  at  depth  is  of  primary  interest.  In  the  present  investigation,  coupling 
factors  for  each  site  are  needed  specifically  to  determine  the  correct  pro¬ 
portion  of  theoretical  tidal  strain  to  subtract  from  observed  strain  in  the 
process  of  determining  the  relationship  between  strain  and  environmental 
factors.  Initial  attempts  to  suotract  the  full  theoretical  tide  from  the 
observed  strain  led  to  difficulty  in  interpreting  results.  Several  sources 
of  error  were  investigated.  Large  errors  in  calibration  were  ruled  out,  since 
two  independent  methods  of  calibration  are  used.  The  accuracy  of  the  tidal 
data  from  the  program  1 LRTHii), '  kindly  furnished  by  Dr.  Stewart  Smith  of  the 
University  of  Washington  (the  program  was  originally  written  by  Berger  and 
Farrell  at  La  Jolla  and  modified  by  Smith  for  use  on  the  CDC  computer)  was 
compared  with  a  sample  of  the  output  of  a  tidal  prediction  program  furnished 
by  Mr.  Gerry  Cabaniss,  Terrestrial  Sciences  Laboratory,  Air  Force  Cambridge 
Research  Laboratory.  Differences  in  amplituue  anproaching  10  percent  near 
the  peaks  were  reported  by  the  Seismic  Data  Laboiatory  at  Alexandria,  where 
the  program  was  run.  The  disagreements  in  the  data  were  considered  negligible 
for  the  purposes  of  this  study. 

Two  other  factors  considered  were  the  possibility  that  the  tidal  coupling 
was  frequency  dependent  and  the  possibility  that  tidal  data  were  masked  by 
environmental  effects.  Smith  and  kind  (1071)  shed  light  on  the  latter 
factor  using  data  from  the  six  portable  strain  sites  from  the  period 
December  1970  through  January  1971.  By  comparing  absolute  values  of  the  Fourier 
transforms  of  the  observed  strain  and  calculated  earth  tides,  they  established 
that  all  stations  were  coupled  to  tie  crust,  although  not  to  the  same  extent, 
they  also  concluded  that  most  of  the  stations  were  affected  by  thermal  and 
barographic  effects  based  on  the  fact  that  most  sites  showed  a  larger  ratio 
of  12-hour  to  12.42-hour  energy. 

Using  the  criteria  set  forth  by  Smith  and  Kind,  a  similar  study  of  tidal 
coupling  was  carried  out  for  the  purpose  of  comparing  the  results  with  the 
coupling  of  earthquakes.  A  typical  plot  of  absolute  values  of  the  Fourier 
transform  of  observed  strain  and  calculated  earth  tides  frr  site  R1I-NV  are 
shown  in  figure  /.  Coherence  and  phase,  obtained  from  cross-spectra,  are 
also  shown.  Ihe  calculations  are  based  on  observations  at  1-hour  intervals 
over  a  30-day  period,  starting  in  October  1970.  Selected  portions  of  the 
spectrum  have  been  replotted  on  a  linear  scale  for  all  sites  (figure  8).  The 
resolution  of  tidal  peaks  for  sites  KP-NV  and  Tl-NV  is  poor  because  of  the 
small  number  of  data  samples.  The  ratio  of  observed  strain  to  calculated 
earth  tides,  denoted  as  apparent  tidal  coupling  factor  is  listed  in  column  C  of 
table  4  at  tidal  periods  of  12.0,  12.42,  24.0,  and  25.8  hours,  corresponding 
to  tidal  designators  S2,  M2,  S1 ,  and  Oj.  It  is  noted  that  the  12. 0-,  24. 0- , 
and  25.8-hour  tides  are  for  the  most  part  larger  than  the  12.42-hour  tide, 
a  relationship  that  could  exist  if  the  data  were  contaminated  by  thermal 
and  pressure  variations.  Coherence  values  for  the  latter  three  tidal  periods 
are  in  general  lower  than  for  the  12.42-hour  tidal  period,  suggesting  a 
multi-source  generation  of  energy  at  those  periods. 
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PthA££'  Uhr^i  COUtBEWCS 


•PHASE  lead  of  calculated 


EARTHTIDE  OVER  OBSERVED 
STRAIN 


PERIOD  (hours) 


Figure  7.  Absolute  values  of  the  Fourier  transform  of  observed  strain  and 
calculated  earth  tides  along  with  coherence  and  phase  for  site 
RH-NV  from  hand-digitized  readings  at  1-hour  intervals  over  a 
30-day  period  starting  on  12  October  1970.  720  samples,  511  lags 

Parzen  smoothing;  1  sample/hour. 

G  6565 
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•  "HAS*  roi*m*o*m*ctir  no»i  mvjioos 


n  ••*•***» 


u  i<f  I  7 

H  • 


t  / 

•  » 

/•  / 


-i  L-L-J  X-l_| 

** 


Hp.«ro  «.  Ah  solute  values  of  the  Fourier 
transfora  of  observed  strain  and  calculated 
earth  tides  along  with  colierencc  and  phase 
for  selected  portions  of  the  spectrus.  One 
saaple  per  hour,  aO*  lags,  Partcn  smoothing 
Phase  is  in  tcras  of  phase  lead  of  calculated 
tides  over  observed  strain. 
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Table  4.  Apparent  site  coupling  factors  (coltmn  C)  computed  froo  the  ratio  of  observed  strain  (colunn  U) 
to  the  calculated  e^rth  tide  (column  A)  for  the  S-»,  Mi ,  Si  and  Oj  cosponcnts  of  the  earth  tide 
_ corresponding  to  tidal  periods  of  12.0.  12.42.  21.0.  and  25.8  hours,  respectively 


Qft-NV  ^  S.O 


So,7°U«'u  aUuJa?“rcL!°,,W"Ct!'r  d‘ffcm,ccs  coupling  of  the  Mt  tide 

ss-§=|sr 

signals  from  large  nSa,™?,^,^'"'' 

fipSiiiiilIP 

for  Li  ,  K  °nl>;  SilC  thal  doCS  not  conlain  a  critical  anj  (a  •  90*) 
nim!ni  W  V  fr°n  any  °f  thc  cart»>quakcs.  Thc  couplin/factors  arc  alto 
™*!L  J;o,  unity  for  site  KP-XV  which  has  thc  highest  relative  coupUne 

till  l0'**'  ;atfw,-w  *'"*  OB-NV  have  low  coupling  factors.  Data  foMU^igh 

table  5  A  cLo  I3"  eftrT1>;CritiCi*1  a:iH,uthal  an8,c  *«rc  onitted  froa 
Si  i,5;  ,  P°inl  is  thc  couP,in«  factor  for  YM-XV  for  the  event  froa 

^  Sl5  1  ^e°M  ,  V  1971t  r"1"'  "aJ  3"  correction  fact^  of 

0.015  (table  6)  at  an  approach  .ingle  of  083*  (ficurc  91  If  th*  , 

approach  angle  (a)  Core  l,,  error  hr  sae  oMs’l,,,,!, 

factor1.''  nP,“,Ud,C  °f  I"'  "a>1Cici'  3"J  'oasennen  lr  ?he  Luptl^g 

^rirx'r^rJr,^  xi'act°' of 

coupUng0for°a<partTCuTar^sUcSthaiVobtaincjrfor  Kclglfwa^r 

Creator  sensitivity  of  strainacters  to  changes  in  the  a?  au?h lk*ie  lf  VZn 
waves  contributes  to  the  larger  spread.  The  lack  of 0rtfcSSS«rSiJi2nSl* 

fSTTU  31  3  SUC  nakC*  U  Jifficu,t  to  resolve  thc  question.  Nevertheless 

U5lfU‘  '"3>  ?h'  '-dH"' 

ncMods°(l"oS  J"J4aart,';q“-,kc  arc  couponed  In  figure  10.  four  tidal 

p  10US  (U.  •  l*;4-.  -•••O.  and  -5.8  hours)  froa  table  4  arc  coaparcd  with 
the  average  relative  coupling  factor  for  the  earthquakes  listed  TnSable  S 

ratios  anong  the 

sites  tor  the  M2  (12.42  hour)  coaponcnt  of  thc  earth  tide  and  earthauaLr 
surfaee  waves  Indicates  that  marked  difference.  In  site  c^Ilng  ^^st  and 
u  isprovc  thc  existence  of  frequency* dependent  coupling.  Ihc 
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Table  5.  Relative  coupling  factors  computed  fron  Rayleigh  waves 
_ froa  three  large,  distant  earthquakes  _ 


site 

(1) 

10  Jan 
1971 

(2) 

09  July 

JL*r.L 

(3) 

14  July 
1971 

Average 

coupling 

factor 

Coupling  factor 
nonsaliicd  to 
unity  at  KP-NV 

Rll 

1.0 

1.0 

1.0 

1.0 

0.2 

KP 

- 

5.0 

- 

5.0 

1.0 

Qfl 

- 

5.0 

3.0 

4.0 

0.8 

Tl 

3.0 

3.7 

^  ■* 
a»  • 

5.0 

0.6 

YM 

- 

3.5 

- 

3.5 

0.7 

OB 

1.3 

I.S 

0.5 

1.2 

0.2 

(1)  Origin  West  New  Guinea.  07:17:03.72,  10/01/71,  3. IS  139. 7L.  Ms  »  7.3. 

Ms  «  8.0 

(2)  Origin  Ch  1c.  03:03: IS. 72,  09/07/71,  32. SS  71. ’K,  .%  ■  6.6 


(3)  Origin  New  Ireland,  06:11:29.12,  11/07/71,  5.SS  153.91.,  H,  -  7.9 


lablc  0.  Relative  site  coupling  factors  coaputed  froa  20-second 

Rayl.igh  waves  froa  the  New  Ireland  earthquake  of 
14  July  1971 _ 


Aiiauth  A:iauthal 


mu 

RII-.W 

A 

X! i»l 
103SO.93 

station  to 
epicenter 
(degrees) 

20S.5 

A:imith  of 
strainaeter 
(deg recs) 

325 

Approach  correction 
angle  (a)  factor  for 
(degrees)  Ravlcigh 

00  0.25 

KP-XV 

10347.25 

20S.S 

350 

91 

.001 

QM-XV 

10350.70 

20S.S 

020 

OS 

.18 

T 1  -  N'\ 

1U30S.S0 

205.2 

200 

1 

1.0 

YM-XV 

10330.27 

205.3 

1S2 

S3 

.015 

OB-XV 

10377.30 

205.7 

0S1 

5 

.99 

Site 

Signal  Strain 

aaplitude  sensitivity  Larth 

(■»)  (1x10**  /an)  strain 

Aiimiuthn  1 
correction 

factor 

Strain 

corrected 

for 

azimuth 

Relative 
coupl ing 
factor 

RII-.W 

0.5 

1.IS  7.7 

0.25 

30.7 

1.0 

KP-NT 

13.3 

1.05  11.0 

0 

. 

QM-NV 

11.2 

1.45  10.2 

0.  IS 

90. 

3.0 

TI-.W 

14.7 

4.7  08. 5 

1.0 

OS.  5 

•  •  • 

YM-.W 

0 

1 . 30  0 

0.015 

- 

• 

OB -.W 

11.  S 

1  - 10  13.7 

o.yy 

13. S 

0.5 
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Hgure  9.  Orientation  of  the  strainaeter  at  site  YM-XY  relative  to 
the  line  of  propagation  of  the  New  Ireland  earthquake 
of  14  July  1971. 
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I igurc  10.  Apparent  coupling  of  the  earth  tides  at  periods  of  12.0,  12.12,  24.0,  and  25. S  hours 
compared  with  the  average  relative  coupling  factor  of  earthquake-generated  Kavleieh 
waves  in  the  period  range  20-40  seconds. 


occurrence  of  abnorsally  large  amplitudes  at  periods  of  12.0,  2-1.0,  and 
2 S.R  hours  relative  to  12. -12  hours,  together  with  a  general  reduction  in 
coherence  indicates  the  presence  of  temperature  and  pressure  effects.  Hie 
presence  of  these  effects  to  different  degrees  at  different  sites  is  indi¬ 
cated  by  a  wider  range  of  differences  between  tidal  coupling  and  earthquake 
counting  at  12.0,  24. 0,  and  25.8  hours  compared  with  the  12.42-hour  tide. 

Looking  at  the  tidal  component  in  figure  10,  we  note  that  the  coupling 
factor  for  sitcs^RH-XY  and  0B-XV  are  of  the  order  of  a  factor  of  three  less 
than  the  other  four  sites.  Mechanical  hysteresis  in  the  strainaeter  can  be 
discounted  as  a  source  of  low  coupling  based  on  tests  involving  manual ly- 
induccd  forces  on  the  tube  anchor,  electromagnetic  forces  between  anchor  and 
tube,  motor-driven  displacements  in  the  transducer,  and  explosion- induced 
forces  between  the  earth  and  the  strainmeter,  using  small  dynamite  charges 
at  close  range. 

The  relationship  between  geological  characteristics  and  coupling  factors  was 
also  investigated.  Listed  in  table  7  arc  site  features  that  might  have  some 
bearing  on  site  coupling.  Information  on  rock  type,  topography,  and  faulting 
are  based  on  USGS  Quadrangle  Sheets,  whereas,  estimated  values  of  relative 
rock  competency  among  the  sites  are  based  on  on-site  observations.  Lstiuates 
of  competency  of  the  rock  as  related  to  strain  coupling  are  neither  quantitative 
nor  exact.  The  procedure  for  estimating  competency  is  based  on  a  qualitative 
evaluation  of  the  following: 

a.  The  density  and  hardness  of  the  rock; 

b.  The  degree  of  fracturing  and  jointing; 

c.  The  reaction  of  the  rock  to  the  drilling  of  anchor  holes  for  the 
strainaeter; 

d.  The  degree  of  faulting  in  the  vicinity  of  the  site. 

Looking  for  features  common  to  RH-XV  and  0B-.W  that  would  explain  the 
occurrence  of  low  coupling,  we  note  from  *able  7  that  neither  the  type  of 
rock  nor  the  estimated  competency  appear  to  bear  a  logical  relationship  to 
the  degree  of  signal  coupling.  In  fact,  contrary  to  expected,  site  QM-XV  is 
well  coupled  despite  the  fact  that  the  strainmeter  is  poorly  anchored  in 
strongly  altered  and  highly  fractured  rock  in  an  area  of  severe  local  faulting. 
If  any  of  the  site  features  in  table  7  bear  a  relationship  to  site  coupling, 
it  is  topography,  where  it  is  noted  that  both  Rll-XV  and  0B-N\  are  tunneled 
into  sharp  ridges  -  Rll-XV  at  about  50°  to  the  ridge  line,  and  0B-XY  normal 
to  the  ridge  line.  The  other  four  sites  lie  on  the  sides  of  either  valleys, 
low  hills,  or  gently  sloping  terrain. 
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(1)  Xo.  1  indicates  the  highest  rock  competency 

(2)  North  trending  major  high  angle  fault 


4.  REMOVING  TIDE  AND  TEMPERATURE -INDUCED  STRAINS 


In  order  to  determine  the  decay  character  of  a  strain  step,  the  solid  earth 
tides  and  the  temperature- induced  strains  must  be  removed  from  the  recorded 
data.  In  studying  the  relation  between  strain  and  temperature,  principal 
attention  was  given  to  site  Rll-NV  which  contained  auxiliary  control  instru¬ 
mentation.  Data  in  the  period  12  October  to  11  November  1970,  were  selected 
for  study  initially  because  of  the  low  seasonal  strain  rate  during  this  time. 
Power  spectral  density  plots  from  1440  hand  digitized  data  samples  of  strain, 
along  with  temperatures  measured  in  the  free-air,  in  the  signal  control  center, 
on  the  tube  of  the  strainmeter,  and  on  the  strain  transducer,  are  shown  in 
figure  11.  Semidiurnal  and  diurnal  peaks  are  common  to  the  five  power  spectra. 
Coherence  and  phase  between  the  strain  and  the  temperature  observations  are 
shown  in  figure  12.  The  results  clearly  indicate  that  a  large  percentage  of 
the  strain  is  related  to  temperature  measured  at  the  transducer  for  periods 
through  the  diurnal  cycle.  High  coherence  between  strain  and  transducer 
temperature  in  contrast  to  low  coherence  between  strain  and  free-air  tempera¬ 
ture  indicates  that  strains  at  site  Rli-NV  in  the  30-day  time  period  investigated 
are  more  strongly  influenced  by  changes  in  temperature  of  the  strainmeter 
rather  than  by  surface  strains  that  are  transmitted  to  depth.  This  con¬ 
clusion  is  borne  out  by  data  from  the  same  time  period  displayed  in  the  time 
domain.  Changes  in  strain  relative  to  changes  in  free-air  temperature  show 
approximately  a  9-hour  lag  in  contrast  with  essentially  a  zero  lag  in  relation 
to  changes  in  temperature  of  either  the  transducer  or  the  quartz  tube.  Looking 
at  the  phase  order  of  the  temperature  curves  in  figure  12,  we  note  that  the 
free  air  temperature  leads  the  other  temperatures  as  expected,  and  that  the 
phase  difference  becomes  small  at  long  time  periods  as  expected.  A  positive 
polarity  is  given  to  compressional  strains  and  increasing  temperatures  for  the 
data  of  figure  12.  Erratic  phase  data  for  all  but  the  transducer  temperature 
have  been  deleted  from  the  plot  in  the  period  interval  1-10  hours. 

The  relation  between  strain  and  atmospheric  pressure  at  Rll-NV  was  examined  using 
data  covering  a  shorter  interval  of  time  (12-24  October  1970).  Figure  15 
shows  power  spectral  density  curves  for  strain,  pressure,  and  temperature 
using  293  samples  at  1-hour  intervals.  Coherence  and  phase  between  strain  and 
the  other  parameters  were  obtained  using  128  lags. 

Only  data  points  at  12,  24,  and  over  100  hours  corresponding  to  peaks  in  the 
power  spectral  density  plot,  are  plotted  in  figure  15.  The  most  reliable  and 
most  significant  point  is  at  a  period  of  24  hours  where  temperature  effects 
will  have  completed  a  diurnal  cycle  and  the  long  term  seasonal  rate  of  change 
of  strain  can  be  removed.  Here,  we  observe  that  the  strain  is  in  phase  with 
pressure.  The  results  indicate  that  most  of  the  noise  in  this  50-day  time 
period  could  be  eliminated  from  the  strain  recordings  by  using  a  Wiener 
optimum  filter  designed  to  predict  the  temperature  and  pressure-induced  noise 
on  the  strain  record.  The  possibility  exists  that  multichannel  filters  using 
all  the  thermistor  readings  to  predict  the  temperature- induced  strain  noise 
would  be  even  more  effective. 
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Figure  12.  Coherence  and  phase  between  strain  and  temperature  measured  in 
the  time  period  12  October  to  11  November  1970  for  site  Rll-NV. 
1440  samples,  2  samplcs/hour,  128  lags,  Parzen  smoothing. 
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RELATIVE  POWER  SPECTRAL  DENSITY 
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Figure  13.  Power  spectral  density  of  strain,  atmospheric  pressure,  and 

various  temperatures  (upper  plot) .  Coherence  and  phase  between 
strain  and  environmental  parameters  are  plotted  only  for  periods 
corresponding  to  peaks  in  the  power  spectrum.  293  samples, 

128  lags,  1  sample/hour,  Parzen  smoothing. 
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Unta  from  RII-NV  in  the  ti*e  interval  08-2b  January*  197],  dering  which  tine  a 
steep  rate  of  strain  prevailed,  were  examined  to  obtain  additional  information 
on  the  strain-pressure  relationship  and  to  determine  whether  the  transducer 
temperature  continues  to  be  a  key  to  eliminating  temperature- induced  strain 
from  the  recording.  Simple  linear  regression  analysis  was  used  to  detcminc 
controlling  factors,  to  systematically  isolate  both  short-  and  long-tern  effects, 
and  to  derive  a  relationship  between  strain  and  environmental  factors.  Corre¬ 
lation  coefficients  were  computed  for  strain  as  a  function  of  outside  air 
temperature,  tube  temperature,  transducer  temperature,  and  atmospheric  pressure. 

A  scries  of  two  variable  scatter  diagrams  along  with  correlation  coefficients 
were  obtained  for  19  daily  observations;  *18  hourly  observat  ions;  and  7* 
observations  at  5-minutc  intervals. 

A  correlation  coefficient  of  -0. 72  for  strain  versus  tube  lcm|>craturc  for  the 
19  daily  observations  is  interpreted  as  a  comprcssional  strain  of  the  country 
rock  with  decreasing  seasonal  temperature  at  a  rate  of  approximately 
6  x  10*G/°C.  The  temperature  effect  on  the  tube,  which  acts  in  the  opposite 
direction  at  a  rate  of  0.5  x  10*b/*c,  has  not  been  removed  from  the 
observations. 

for  short-term  observations,  the  strain-temperature  coefficient  changes  sign 
but  retains  the  same  level  of  correlation.  Hourly  observations  over  a  .-day 
period  (17-18  January  1971)  show  an  equivalent  cxtcnsional  strain  with  de¬ 
creasing  tube  temperature  at  a  rate  of  approximately  0.5  x  10*b/*C  as  shown 
in  the  scatter  diagram  of  figure  M,  in  close  agreement  with  a  predicted 
strain  rate  of  0.8  x  10’°  °C  for  the  strainaeter.  Tidal  strains  and  a  seasonal 
strain  trend  of  1,0  x  10*'  per  day  (figure  15)  have  been  removed.  Hourly 
readings  of  strain,  temperature,  and  pressure  over  the  2-day  period  are  shown 
in  figure  10.  The  high  degree  of  correlation  between  strain  and  tube  tempera¬ 
ture  is  evident. 

The  correlation  coefficient  for  strain  and  atmospheric  pressure  fluctuations 
for  daily  readings,  increasing  to  0.0  for  hourly  observations  and  0.7  for 
observations  at  5-minute  intervals  is  low  (0.12). 

At  an  observation  rate  of  12  per  hour,  the  strain-temperature  rate  is 
approximately  0.4  x  10*b/ot;  as  shown  in  the  scatter-diagram  of  figure  17  for 
the  time  period  1500  to  20401  on  IS  January  1971.  Tidal  strains  and  the 
long-term  strain  trend  have  been  removed.  The  data  are  also  shown  plotted 
as  function  of  time  in  figure  18. 
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•  JANUARY  1971 

Figure  15.  Time  plot  of  daily  observations  of  strain  showing  a  seasonal  strain  trend  of 
day  over  an  lS-day  period  (OS-19  January  1971)  at  site  R11-.V\  . 


TEMPERATURE  (°c»  TEMPERATURE  1°CI  STRAIN  xio® 


Figure  16.  Hourly  readings  of  strain,  temperature,  and  pressure  at 
RH-N'V  showing  high  degree  of  correlation  between  strain 
and  tube  temperature. 
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To  test  the  feasibility  of  using  tube  temperature  measurements  to  subtract 
temperature  effects  in  orJer  to  determine  the  character  of  the  decay  of  the 
strain  step  associated  with  large  earthquakes  and  explosions,  a  predicted 
strain  output  was  computed  using  the  relationship 


whe  re 


^  iyLU*  ♦  1(0.5  x  10*9/IIU)  x  0)  ♦  0.34  x 


10-6/°C  x  'T 


AiPRliU  *  predicted  change  in  strain  in  a  given 
time  interval  0 

M  ■  change  in  theoretical  tidal  strain 

Tin 

0  ■  tine  interval  in  hours 


'VprUBL  *  change  in  temperature  of  the  tube  in 
centigrade  degrees. 

Predicted  strains  were  computed  at  5-minutc  intervals  for  a  3-hour  period 
following  the  original  0-hour  period  from  which  the  short-term  strain  tempera¬ 
ture  rate  was  computed.  As  shown  in  figure  19  the  predicted  strain  is  within 
1  x  10*9  of  the  observed  strain  for  30  minutes  into  the  predicted  time  period. 
The  maximum  deviation  is  4  x  10'9  in  the  first  1-1/2  hours.  The  maximum 
deviation  in  the  period  1-1/2  to  3  hours  dropped  to  2  x  10 
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5.  CASE  STUDIES  OF  SIGNIFICANT  EVENTS 


S.l  GENERAL 

The  analysis  of  explosion  data  lias  been  limited  to  the  following: 

a.  A  comparison  of  the  explosions  CYAT1IUS  and  BANEBERRY,  requested  by 
the  Project  Office; 

b.  A  report  on  the  Sail  Joaquin  Valley  earthquake,  requested  by  the 
Project  Office. 

c.  A  case  study  of  the  NTS  explosion  MtNIATA,  demonstrating  examination 
of  a  single  event  recorded  at  six  sites. 

d.  A  comparison  of  the  character  of  the  strain  step  of  an  earthquake 
and  an  explosion; 

e.  A  study  of  the  relation  between  direction  of  the  strain  step  and 
changes  in  regional  strain  conditions. 


5.2  EXPLOSIONS  CYATIIUS  AND  BANEBERRY 

A  report  entitled  "Preliminary  Comparison  of  NTS  Explosions  CYATIIUS  and 
BANEBERRY"  shown  as  appendix  2  of  this  report,  was  prepared  at  the  request 
of  the  Project  Office  and  forwarded  on  14  January  1971.  The  dnta  from  the 
two  events,  which  were  of  equal  predicted  yield  and  approximately  the  same 
epicenter,  showed  a  factor  of  six  larger  ground  amplitude  from  BANEBERRY  than 
from  CYATIIUS  as  recorded  at  Queen  Creek,  Arizona,  a  distance  of  018  km.  In 
contrast,  BANEBERRY  produced  about  one-half  as  much  cartli  strain  at  portable 
strain  site  YM-NV  compared  with  QM-NV,  both  at  an  epiccntral  distance  of 
approximately  50  km.  Differences  in  the  two  explosions  were  also  observed 
in  the  1-minute  rise  time  for  CYATiiUS  (attributed  to  the  rise  time  of  the 
0.01  sec  filter  in  the  system)  and  a  2-minutc  rise  time  for  BANEBERRY. 

Additional  information  from  t he  short-period  strain- inertial  seismograph  at 
Iloulton,  Maine  (1LN-ME)  showed  BANEBERRY  to  be  clearly  recorded  at  1.0  llz  at 
a  S/N  ratio  of  4,  whereas  no  signal  from  CYATIIUS  was  discernible  at  approxi¬ 
mately  the  same  background  level. 


5.3  THE  SAN  JOAQUIN  VALLEY  EARTHQUAKE  OF  09  FEBRUARY  1971 

Also  requested  by  the  Project  Office  was  the  report  in  appendix  3  entitled 
"Preliminary  Notes  on  the  San  Joaquin  Valley  Earthquake  of  09  February  1971 
from  Portable  Strain  Records,"  dated  19  May  1971.  The  main  points  of  that 
report  together  with  additional  observations  and  conclusions  follow. 
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Of  the  primary  strain  and  the 

is  noted  that.'foJtuU^siy^  the  sys llTct,  "  -  ^  QM‘NV'  ^speetively  It 
a  magnitude  6.2  earthquake  from  California ^sitivities  were  ideal  for  recording 
step  at  YM-NV  occurs  15  to  17  seconds  1S  ^18niflcant  to  note  that  the 

m£tely  at  the  onset  of  the  Rg  phase  The  IT  ^  ?f  the  Sg  phase  or  aPP™xi- 
seconds  longer  than  predicted  by  the  filmP  nclpal  steP  at  YM-NV  lasts  10 
}  mi™te  longer  thanpredicted  I  i!  «'MSPrC’  and  at  QM'NV  lasts 
buting  to  the  duration  of  the  step  or  that^ho  tf£it  ^0cal  strains  are  contri- 
more  than  one  phase.  P'  °r  that  the  steP  is  bcing  triggered  by 

From  table  8  the  velnci  tv  r\€  *.l_  • 

agreement  and  compare  favorably  to  the^ve^  f°r  and  are  in  close 

reported  by  Widemkn  and  Major  (BSSa  Lc  ^^^  0"1^  3<°  ±0*3  km/sec 
amplitude  of  the  strain  step  at  hnth  ,;,96)  for  a  continental  path.  The 
and  Major;  whereas,  the  observed  st^is"  lower  ^'NV/Srec  ci°selY  with  lVideman 
higher  by  a  factor  of  1.3  at  Rll-NV  P  13  r  by  3  faCt°r  °f  2‘3  at  TI-NV  and 


Table  8. 

Observed  amplitude  and 
the  San  Joaquin  Valiev 

velocity  of  the 
Earthquake  of  0l) 

strain  step  from 

PnhrinrtF  1  n  "7  1 

Observed 

Amplitude  of 

ri.ui  Udry  iv  /  i 

Observed 

Site 

amplitude 
of  strain  step 

strain  step 
from  lVideman 
and  Major 

step 

velocity 

QW-Jrt 

(km/ sec) 

3.06 

6.4  x  10"9  e 

6.4  x  10"9 

VM-SY 

6.5  x  10"9  c 

6.6  x  10-9 

5.03 

n~Kv 

2.9  x  10-9  c 

6.8  x  10-9 

RIJ-SV 

o 

ct> 

i 

o 

X 

o 

00 

6.2  x  10~9 

e  extension 
c  compression 


t'X^artauJoss„rhr-i“  r figurc  2-  ™  - 

negligible  about  100  seconds  after  the  onset  of  the  °5f°Ct  °f  th<!  filtcr  is 
maximum  quasi-static  strain  of  7  8  x  10-9  f  1  Step’  lhe  step  has  a 

time  constant,  and  a  residual  strain  of  5.’8  x  ^?nential  decaY  a  7-minute 
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Figure  23.  Power  spectral  density  in  strain-/!!::  of  noise  and  signal 

recorded  on  the  primary  strain  channel  at  YM-NV  for  5  events 
in  1971.  The  response  of  the  system  is  include!. 

The  N'yquist  frequency  is  0.5  Hz.  Gl 
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Power  spectral  density  plots  of  the  San  Joaquin  Valley  earthquake  and  two  NTS 

"P  i:urenS23CCTd,at  ?itC  ^  are  Sh°W"  for  P*-«y  strain  channel 
in  figure  23.  The  San  Joaquin  event  which  travels  a  greater  distance  to  YM-NV 

contains  less  energy  at  high  frequencies  (0.1  to  0.5  llz)  than  at  lower  fre- 

quencres  (0.01  to  0. 1  llz)  compared  with  the  NTS  events  MARE  BULL  and  MI. MATA 

Differences  in  direction  of  approach  also  probably  contribute  to  the  spectral 

distribution  of  the  energy,  since  the  strainmeter  has  a  different  azimuthal 

10  lon8ltudinal  than  to  transverse  waves.  Orthogonal  horizontal 
strain  instruments  are  required  for  proper  analysis. 


It  is  also  indicated  from  figure  23  that  the 
with  HAREBELL  and  MINIATA  has  less  strain  at 
relative  to  the  frequency  range  0.01  to  0.1  II 
are  factors  which  affect  the  comparison.  The 
strain  conditions  could  also  be  contributing 
of  the  three  events  at  frequencies  lower  than 
strain  measurements  of  15  x  10-9,  6.5  x  lo-9 
MINIATA,  San  Joaquin  Valley,  and  HAREBELL,  re 


San  Joaquin  earthquake  compared 
frequencies  shorter  than  0.01  llz 
.  Both  distance  and  site  coupling 
azimuth  of  approach  and  local 
factors.  The  relative  power  levels 
0.01  llz  are  comparable  with  step 
and  3.6  x  10'9  for  the  events 
spectively . 


5.4  CASE  STUDY  OF  NTS  EVENT  'MINIATA'  of  08  JULY  1971 

The  event  MINIATA  of  08  July  1971  has  been  selected  for  a  case  study  because 
it  is  recorded  at  all  sites  with  a  high  signal-to-ncisc  ratio.  In  fact,  the 
signal  at  OB-NV  exceeded  the  linear  range  of  the  summation  amplifier.  Power 
spectral  density  plots  at  all  sites  except  OB-NV  are  shown  for  the  primary 
strain  channel  in  figure  24.  The  response  of  the  system  (channel  No.  1  in 
figure  3)  has  not  been  removed.  Kith  single  strainmeters  at  each  site  the 
influence  of  both  angle  of  approach  and  distance  on  the  spectral  distribution 
of  the  site  is  again  ignored.  However,  it  is  noted  from  the  similarity  of  the 
curves  in  figure  -4  that  the  spectral  distribution  of  the  signal  is  nearly 
equal  among  the  sites  at  frequencies  lower  than  0.1  llz  -  suggesting  that  the 
angle  between  the  direction  of  approach  of  the  signal  and  the  axis  of  the 
strainmeter  might  not  be  an  important  factor  at  the  longer  periods.  The 
curve  for  RII-NV  docs  not  match  the  other  four  because  the  signal  at  RJI-NV  is 
at  the  level  of  the  noise. 

Power  plots  for  the  widc-band  hi-gain  channel  for  MINIATA  arc  shown  in  figure 
25;  A  typical  noise  distribution  for  the  five  sites  is  shown  in  figure  26 
which  contains  the  signal  and  noise  power  plots  for  the  widc-band  hi-gain 
strain  channel  at  site  QM-NV.  The  data,  which  has  a  high  signal  to  noise  ratio 
at  all  frequencies  between  0.U8  and  10  llz,  contain  an  anomalous  dip  in  the 
power  curve  of  site  RII-NV  in  the  frequency  range  0.2  to  0.7  llz.  To  tcrminc 
whether  this  anomaly  was  related  to  the  apparent  low  coupling  coefficient 
obtained  at  site  RJI-NV  from  measurements  of  Rayleigh  waves  from  large  distant 
f , Ruakes »  power  spectra  of  the  wide-band  hi-gain  data  were  computed  for  the 
Chilean  earthquake  of  09  July  1971  as  shown  in  figure  27.  The  low  response 
in  the  region  of  0.1  to  0.2  llz  is  confirmed.  A  low  response  at  frequencies 
below  0.07  llz  relative  to  frequencies  above  0.25  llz  is  also  evident.  The 

CiUinav,;Cart.hclUakc  is  at.an  angle  that  givcs  high  response  to  Rayleigh  waves 
at  RII-NV  and  KP-NV  and  high  response  to  Love  waves  at  all  sites  except  RH-N'V. 
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Figure  23.  Tower  spectral  density  in  strain*/!!:  of  noise  and  signal 

recorded  on  the  primary  strain  channel  at  YM-NV  for  3  events 
in  1971.  The  response  of  the  system  is  included. 

The  Nyquist  frequency  is  0.5  lit.  ocssr, 
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Figure  24.  Power  spectral  density  in  strain2/Hz  of  noise  and  signal  for 
NTS  event  MINIMA  recorded  on  the  primary  strain  channel  at 
5  portable  strain  sites  on  08  July  1971.  The  Nyquist  frequency 
is  0.5  Hz. 
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Figure  25.  Wide-band  high-gain  strain  plots  of  power  spectral  density 

in  strain^/Hz  for  the  NTS  event  MINIATA  recorded  at  5  portable 
strain  sites  on  08  July  1971.  The  Nyquist  frequency  is  20  Ilz. 
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Figure  26.  Power  spectral  density  in  strain2/nz  for  the  MINIATA  signal 
recorded  on  the  wide-band  high-gain  strain  channel  at  QM-NV. 

A  plot  of  system  noise  at  QM-NV  which  is  typical  of  the  5  sites 
is  also  shown.  The  Nyquist  frequency  is  20  Hz. 
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ar^ncarly0 equal  and^herefSre^h"  u®  angle.  °f  apProach  t0  W|-Nv  and  KP-XV 

s  *£•«  »■“"  “xxxx  XX.. 

predominant  17-20  second  Raylcish"w°v«  °woulTei£°a  ”"“r0",cnta  of  «>« 

TrZ  ?'t\iz'r  r?“ng  *vL  T^E„ritc 

tShteareIattivei ^nergyV ' ^-^^nd^-^Pefoie. 

level  for^RH-NV^ni^TI-NV  is' ?ncreLr°Fr^^S°- ‘ 

level  for  the  0B“j  Uo  o lurs  “  a  s llnTT  th°  hi** 

fnrp  „rta.  .  vc  occurs  at  a  signal-to-noise  ratio  of  10  and  there- 

0  02S  Hz  Uo  seven  iT  °CMr"n,:e-  11  aPP°ars  'hat  relative  power  measured  at 
coupling.  J  “0Uld  lead  *°  ”,orc  rcProsentative  values  of  relati” 

5.S  COMPARISON  OF  THE  STRAIN  STEP  FROM  AN  EARTHQUAKE  AND  AN  EXPLOSION 

A  comparison  of  the  character  of  a  strain  stop  from  an  explosion  and  an 
(fLSr  s/ft  ‘Ui*at0d  by  "’e  °c=“*-F-once  of  a  magnitude  J “2?^. 

SjJtc  ~  -plosion 

and  49  x  in-9  in  ™  •  P  1  *  10  in  comPrcssion  for  the  earthquake 

nent  nffJt  -J  COmp?cssion  fo £  thc  explosion.  The  maximum  possible  perma¬ 
nent  offset  if  any,  is  7  x  10-9  for  thc  earthquake  and  10  x  10*9  for  thT 
explosion.  The  strains  were  corrected  for  thc  tidal  trend  and  thc  daily 

at^-wC  March 'l970?V°r'  Sh°rt-t0rm  tc"P"at“-  ««•«»  -re  no,  correctable 


5.6  TRENDS  IN  DIRECTION  OF  STRAIN  STEP 

LlZiLf.  “8ionl1  strain  treaJs  is  beyond  the  scope  of  the  current  contract 
Nevertheless,  even  a  cursory  examination  of  thc  direction  of  the  strain  ■>.„  ' 
llows  some  significant  conclusions  to  be  drawn.  A  few  prefactory  remarks  P 
"If'  "8  “  lhe  term  "strain  step"  are  in  order  a,  this  Join??  The™™ 
strain  step  as  used  in  this  report  refers  to  thc  change  in  strain  (com 
elrth10\°r  ex*ension)  associated  with  the  arrival  of  surface  waves  fron 

existence'of30^  eXpl°Si°nS*  No  is  made  to  either  confirn  or  deny  the 

existence  of  a  propagating  strain  step,  evidence  for  which  was  reported  bv 

W idem an  and  Major  (1967).  The  existence  of  only  one  component  at  a  station 
precludes  any  attempt  to  measure  the  rate  at  which  strain steps  decoy  Sh 
distance,  a  subject  of  debate  discussed  by  Romig,  et  al  (1969).  The  explosion 
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Figure  29.  Magnitude  5.5  NTS  event  SHAPER  recorded  at  site  QM-NV  on  25  March  1970 
Origin  time  2305Z;  37.086N  116.021W;  Mag.  5.5. 


ata  presented  here  shows  that  if  a  propagating  strain  step  does  exist,  it  is 
masked  by  strain  offsets  that  are  clearly  not  caused  by  mechanical  hysteresis 
m  the  instruments.  Specifically,  the  data  show  strong  evidence  that  the 
strain  offsets  are  a  result  of  local  release  in  the  vicinity  of  the  strain- 

mftey\?™fC,Ct  di,scussed  by  Smith.  et  al  (1969)  and  supported  by  Boucher, 
et  al  (1971),  based  on  a  comparison  of  strain  offsets  from  explosions  and 
associated  cavity  collapses.  The  results  also  tend  to  support  tentative  con¬ 
clusions  drawn  by  Smith  and  Kind  (1971)  relating  observed  strain  changes  to 
regional  tectonic  stresses.  IVe  can  build  an  argument  for  the  predominance  of 
local  strain  release  from  the  data  in  table  9,  which  lists  the  direction 
compression  (+)  or  extension  (-),  of  the  quasi-static  strain  from  25  NTS* 
explosions  recorded  in  Southern  Nevada  in  the  period  January  1970  through 
July  1971.  Included  in  table  9  are  two  local  earthquakes  and  the  San  Joaquin 
Valley  earthquake  of  09  February  1971.  Noting  that  all  explosions  listed  in 
table  9,  except  HANDLEY,  are  located  in  area  B  in  figure  9,  a  nearly  fixed 
azimuth  angle  from  station  to  epicenter  can  be  assumed  for  all  of  the  listed 
explosions.  It  follows  that  despite  the  availability  of  only  one  strainmeter 
at  each  site  a  comparison  of  the  direction  of  strain  offsets  provides  meaning¬ 
ful  results  without  computing  the  strain  ellipse.  A  definite  chronological 
grouping  of  the  direction  of  the  strain  step  is  observed  in  table  9. 
Specifically,  we  note  that  a  pattern  of  consistent  direction  of  the  step,  per¬ 
sisting  for  at  least  a  9-month  period  is  interrupted  bv  a  directional  change 
at  each  site  between  late  December  1970  and  early  in  1971.  In  this  period 
steps  changed  from  comprcssional  to  tcnsionnl  at  sites  QM-NV,  TI-NV,  YM-NV,’ 
and  OB-NV,  and  from  tensional  to  compressi onal  at  sites  Rll-NV  and  KP-NV 
Whether  the  occurrence  of  the  San  Joaquin  Valley  earthquake  in  the  same  time 
period  is  significant  is  a  moot  question.  However,  major  changes  in  the  strain 
field  m  Southern  Nevada  in  December  1970  and  January  1971  as  reported  by  Smith 
and  Kind  (1971)  and  an  apparent  change  in  the  trend  of  secular  strains  at  4  of 
tnc  6  sites  for  a  period  of  several  days  preceding  the  San  Joaquin  Valley 

earthquake  of  09  February  1971,  as  shown  in  figure  5,  bear  further  investiga¬ 
tion.  6 


The  data  of  table  9  have  been  replotted  schematically  in  figure  50  in  terms 
of  a  very  approximate  relative  amplitude  of  the  recorded  signal  to  provide 
a  coarse  measure  of  the  reliability  of  the  estimated  direction  of  trace  off¬ 
set.  Referring  now  to  the  data  for  site  OB-NV,  we  note  that  within  a  period 
of  a  few  weeks,  a  reversal  of  the  strain  offset  occurs  between  events 
HAREBELL  on  24  June  1971  and  MIN  I AT A  on  OS  July  1971.  The  estimated  direction 
is  obviously  reliable  since  figure  50  indicates  that  both  signals  were  well 
recorded.  Furthermore,  if  we  compute  the  station-to-epi center  azimuthal  angle 
for  the  two  events,  we  find  that  the  angles  differ  by  only  9  degrees. 

Seasonal  effects  arc  ruled  out  as  a  contributing  factor. 

Perhaps  of  some  significance  is  the  fact  that  two  local  earthquakes  (one, 
a  magnitude  4  event  occurring  40  km  northeast  of  QM-NV  at  19:52:13.12  on 
23  March  1970,  and  the  other,  an  event  occurring  within  10  km  of  QM-NV  at 
1922_  on  06  July  1971),  produced  offsets  in  the  same  direction  as  for  con¬ 
current  explosions.  Furthermore,  strain  offsets  from  the  San  Joaquin  '/alley 
earthquake  did  not  differ  in  direction  from  t he  previous  recorded  explosion 
at  a  given  site,  which  tends  to  further  substantiate  the  hypothesis  that  the 
direction  of  the  strain  step  is  controlled  by  local  stress  readjustments 
induced  by  the  dynamic  loading  of  the  seismic  waves. 
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Table  9.  Summary  of  direction  of  strain  steps  measured  at  portable  strain 
_ _ sites  for  events  from  January  1970  through  July  1971 _ 


Date 

Event 

RH-NV 

KP-NV 

01/23/70 

FOB 

0 

01/30/70 

AJO 

0 

02/04/70 

GRAPE  B 

+ 

02/05/70 

LABIS 

0 

02/11/70 

DIANA  MIST 

0 

02/25/70 

CUMARIN 

0 

0 

02/26/70 

YANNIGAN 

0 

03/06/70 

CYAT1IUS 

0 

03/06/70 

ARAB IS 

0 

03/19/70 

JAL 

0 

03/23/70 

MAG  4  QUAKE 

0 

03/23/70 

SHAPER 

0 

03/26/70 

HANDLEY 

. 

04/21/70 

SNUBBER 

0 

04/21/70 

CAN 

0 

05/01/70 

05/01/70 

05/05/70 

10/14/70 

BEE BALM 

HOD 

MINTLEAF 

TIJERAS 

11/05/70 

ABEYTAS 

0 

0 

12/ : 6/70 

ARTESIA 

12/17/70 

CARPETBAG 

+ 

12/18/70 

BANE BERRY 

0 

0 

02/09/71 

SAN  JOAQUIN 

+ 

06/23/71 

LAGUNA 

0 

06/24/71 

HAREBELL 

0 

+ 

07/06/71 

LOCAL  QUAKE 

0 

+ 

07/08/71 

MIN  I AT A 

+ 

+ 

Site _ 

QM-NV  TI-NV 


0 

+ 

0 

0 

0 


+  0 

+  + 

+  + 

0  o 

0  0 


0  + 

0 

+  + 

+  + 

0 
+ 

0  0 


♦  0 


YM-NV  OB-NV 
0 


+ 

+ 

0 

0 


0 

0 


+ 

+ 

+ 

+ 

+ 


0 


+ 


+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 


0 


+  compression  0  -  no  discernible  step 
-  extension  blank  -  no  data 
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RH-NV 


It  is  a’ so  interesting  to  note  that  a  strain  step  was  observed  at  site 
QM-NV  at  the  time  of  arrival  of  both  the  body  waves  and  the  surface  waves 
for  both  the  San  Joaquin  Valley  earthquake  (figure  21)  and  the  local  earth¬ 
quake  c'c  06  July  1971.  The  phenomenon  of  a  double  strain  step  was  also 
reported  by  Wideman  and  Major  (1967). 
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6.  CONCLUSIONS 


6. 1  STRAIN  STEPS 

This  report  presents  new  information  supporting  the  hypothesis  that  dynamic 
loading  by  the  seismic  waves  from  explosions  and  earthquakes  trigger  i  local 
release  of  tectonic  strain  (a  strain  step),  and  that  trends  in  the  di notion 
of  strain  steps  appear  to  be  related  to  regional  tectonic  strain. 

This  hypothesis  is  supported  mainly  by  five  factors: 

1.  The  direction  of  the  strain  steps  at  any  one  site  show  chronological 
patterns  that  are  clearly  not  related  to  seasonal  effects. 

2.  Long-term  trends  in  the  direction  of  the  strain  steps  at  a  given 
site  change  without  corresponding  changes  in  general  epicenter  location  and 
yield  of  the  explosions. 

5.  Chronological  patterns  of  the  direction  of  the  strain  steps  appear 
to  be  independent  of  type  of  event  (explosion  or  earthquake) ,  and  independent 
of  size,  distance,  or  azimuth  of  approach  of  the  events. 

4.  Trends  in  the  direction  of  the  strain  steps  among  the  six  sites 
appear  to  be  chronologically  related. 

5.  A  major  change  in  the  rate  of  change  of  secular  strain  occurred 

at  several  sites  in  January  and  February  1971,  near.,  coincident  with  changes 
in  direction  of  explosion- induced  strain  steps  at  all  sites. 


6.2  COUPLING  OF  EARTHQUAKES  AND  EARTH  TIDES 

Pronounced  differences  arc  observed  among  the  six  portable  strain  sites  in 
relation  to  the  degree  of  coupling  of  the  instruments  to  the  surface  rock  or 
of  the  surface  rock  to  tiic  rock  at  depth.  The  relative  coupling  factors 
among  the  six  sites  show  the  same  relationship  for  earth  tides  as  for  earth¬ 
quakes.  Low  coupling  factors  for  both  sites  Rli-.NV  and  OB-NV  could  be  related 
to  the  fact  that  both  sites  are  located  in  sharp  ridges  -  the  only  apparent 
geological  feature  that  is  common  to  both  sites  yet  is  absent  at  the  other 
four. 


6.3  THE  RELATIVE  MERIT  OF  TRENCH  AND  TUNNEL  INSTALLATIONS 

As  strain  data  from  trench  and  tunnel  installation  are  compared,  together 
with  a  consideration  of  site  selection  problems,  several  appealing  features 
of  trench  installations  come  into  focus.  In  particular,  the  use  of  trenches 
does  not  restrict  the  selection  of  sites  to  locations  containing  existing 
excavations,  as  occurs  with  the  use  of  mine  tunnels.  Therefore,  more 
accessible  locations  arc  available,  and  there  is  greater  freedom  in  the 
selection  of  rock  conditions,  topographical  features,  and  orientation  of 
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appear  to  bo 'less  prevalent  ;tthriecular''sttJainfmCtS'tf>rCSSUrC'indUC';d  stra,ns 

abnormally  low  coupllirfac^f ar^^rriu^M5;!;^'0"'"5'  “U"  “ 

6.4  PREDICTION'  OF  STRAIN 

strains  at  site 

step  strains.  Ibvever,  ^he  procedure  ZVZZZl  charaa“ristics  of 
successfully  applied  to  data  fmn,  S  w«  very  time  consuming  and  was 

be  equally  „m^ei  at  otjcr  sr^s  because  ll  ^  '  The  process  win 

nations  of  long-term  and  short  tP™  t-  C  cxis^cncc  of  complex  combin- 

effects,  and  because  “  the  ^C”t“”  a"d  at"»=Pberic  pressure 

coupling  factors.  f°r  m°TC  prociso  determinations  of  tidal 


6.5  CASE  STUDIES 

2!aSiSi  «,^S1S{r  t“aidm^'C2y  '^,aVall“bUitT  °f  »"*>■  one 
limited  to  the  results  or  finr  m  ’.*hc  ,-onclusions  to  be  drawn  are 
no  direct  relation  «  th^  o?her  becau  I  I?;, ,°f  beara  Uttlo  »' 
Neyertheless,  three  interesting  results, 

strain-step  from  thehCYATUUSUand'BASEDfRRvrCnCI  *"  thC  r‘Se  timc  of  thc 
9  months  apart,  and  a  50  second  time  °Xpl0sl°ns  recorded  at  QM-.W. 

recordings  of  lh.  step  at  Lies  inf  LT  NT  f"  ‘I?  ri"  “«  bat»aa" 

earthquake  of  09  February  1971  Thc*n  I  rY‘  -M  for  thc  San  J°aquin  Valiev 
the  step  is  more  stroll-  „f  uenceTL  f thc  risc  tiTC  °f' 
site  than  by  source  condition  l  ^  conditions  at  the  recording 

magnitudes  considered  here.  *  °r  epicci1tral  distances  and  event 

^different  fstncl  2  ZTc  T™'  T™"*  «  ««•«  recorded  at 
distribution  of  SrsSa? TaS  LunTtTf  “f  'hc  Six  sitCf'  '"a  »cctral 
frequencies  lower  than  0.1  lit.  Those  resultflf  "TL™0"?  thc  sitcs  at 
the  direction  of  approach  of  the  sicnal  ami  «i  88?St  th°  anglc  betu'een 

i°'so?  ■*  ZLlZ^iZXI^ 

hypothesis  that  loLlLtreL  releLfii  tL  p^ImSi'LLorl'ILmfpS'aSlb ,c 
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7.  RliCONMLX DAT  IONS 


7.  1  GLXLRAL 

The  analysis  of  the  strain  records  for  this  project  has  consisted  mainly  of 
the  reduction  of  data,  the  dcv’olopment  of  analysis  techniques,  the  cursory 
examination  of  data  trends,  and  the  completion  of  a  few  case  studies  of 
significant  events.  A  detailed  follow-up  study  using  existing  recordings 
is  recommended.  Such  a  study  would  contribute  greatly  to  an  understanding  of 
the  relation  between  such  parameters  as  regional -strain  and  weather- induced 
phenomena;  theoretical  and  apparent  tidal  strains;  the  direction  of  the  step 
strain  from  events  ar.d  regional  or  local  strain  conditions;  spectral  distri¬ 
bution  of  energy  from  events  and  factors  such  as  distance,  type  of  source, 
and  site  conditions;  rise  time  of  the  strain  step  and  source  factors;  duration 
of  the  strain  step  and  source  type;  and  duration  of  the  strain  step  and  site 
conditions.  More  important  is  the  fact  that  a  more  detailed  and  thorough 
study  of  the  aforementioned  relations  will  provide  a  more  accurate  assessment 
of  tlie  limitations  of  near-surface  strain  installations  for  the  study  of 
regional  strains,  tides,  and  near  earthquakes  and  explosions. 

7.2  COUPLING  OF  T1IL  TILLS  AND  UARTIIQUAKF.S 

The  ratio  of  recorded  tides  to  theoretical  tides  among  sites  are  in  approximate 
agreement  witli  relative  coupling  factors  determined  from  large  earthquakes. 

Hie  possibility  has  not  been  ruled  out  that  anomalies  exist  in  tidal  strain 
patterns  and/or  the  response  to  traveling  waves.  Additional  measurements  of 
earthquake  coupling  and  refinement  of  existing  data  should  be  done.  Sites 
RI1-XV  and  QB-NV  have  the  lowest  coupling  in  response  to  both  earthquakes  and 
tides.  Only  a  cursory  comparison  of  geological  features  has  been  made  in 
attempting  to  explain  the  low  coupling  factors.  A  more  rigorous  study  is 
recommended. 


7.3  I'RLDICTION  OF  STRAIN 

In  order  to  study  the  decay  characteristics  of  strain  steps,  the  degree  of 
coupling  of  Mic  earth  tides  must  be  determined  more  precisely,  and  strain- 
temperature  relationships  must  be  investigated  further.  The  relation  between 
observed  and  theoretical  tides  should  be  determined  more  accurately  by 
treating  a  larger  data  sample  and  by  determining  the  environmental  effect 
more  precisely.  Techniques  such  as  measuring  the  temperature  effect  at  tidal 
zeros  and  tidal  effects  at  equal  temperatures  were  started  late  in  the  program. 
Optimum  filtering  of  the  environmental  effects  has  not  been  done.  Filtering 
to  separate  t he  semidiurnal  tide  from  the  diurnal  tides  and  diurnal  temperature 
effect  has  not  been  done  cither.  It  is  recommended  that  these  techniques 
be  explored  in  order  to  improve  the  interpretation  of  the  data. 
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7.4  SECULAR  STRAIN'S 


taretSor.,It0es'trthr«1«a„bh!  CriteH,a  for  Pr<;di«i"S  the  response  of  the 
deeper  of  the  two  (YM-NV)  showod"nmch  les^r'  0f  thc  ,k0  trench  sites,  the 
strain  than  the  shallower  one  fTI  \vi  m  !jlurnal  and  seasonal  change  in 
secular  strain  has  not  been  anal^e^  w  USefUl  information  relating  to 
secular  strain  and  temperature  as  "well  as^ho^T  °n  ,thc.phase  relation  of 
have  not  been  applied  Prelimim™  hort-term  strain  and  temperature 

differ  markedly^'g'sites  nfs  cS"°“  phase  "^ions  that 

since  it  could  help  foWe  ones  f COra,ended  that  ">ese  data  be  analyzed 
annual  cycle.  questions  concerning  residual  strains  over  the 


7.5  RISE  TIME  OF  STRAIN  STEP 

thil  III  on  period!5  ™etriseChri^tof  f  ‘i’0  dy"“ic  phasd."as  done  in 
the  filter  response  of  thc  primary  strain"  -f  Can.be  dctermmed  by  removing 

these  important  features 


7.6  DECAY  OF  STEP 


Jesuu!Sbvfv!e?rEUtUd°  and  dnration  of  the  step  and  categori: 
y  y  Id,  by  site,  and  by  distance  remains  to  be  done. 


tug 


7.7 


amplitude  of  step 


isol«ed“ase  stfudUS<"'''‘n'Stati<:  Strain  St°P  haS  bcon  *>“ured  only  for 
made  for  the  70  steps  in  tablc^^TvV1!*1  measurements  be 
ascertained,  and  that  ihese  ^  ,  direction  of  the  step  has  been 

strain^step^at  possib1^. supPort  'he  hypothesis,thatt°th°Uchararicf of  ^plUudc 
~  or 


7.8 


COMPARISON  OF  SPECTRA  nF  EVENTS 


Iach"sUefto  °E"080nal  l!0rl:0ntal  strainmeters  oriented  at  45”  intervals  at 

to  enable  the  me^:rr;^olCd!“g!sT°,':rsSt^i„R%n j8'  a"d  L°VC,  “">•  a"d 
emphasized.  With  the  exist  inn  -■  i  strain  ellipse  cannot  be  over- 

by  angle  of  approach to ra  12 UlTlTsTs  '  s'th"'5  "“I  b°  gr°Up0d 

Of  magnitude  and  distance  in  o  i  t  thc  usual  consideration 

Such  an  analysis  can  «itC«^.tra, 
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analysis  presented  in  this  report  only  demonstrates  the  approach  to  the  analysis 
of  individual  events  and  does  little  to  establish  trends  in  the  events.  The 
spectral  data  also  can  be  presented  in  a  more  usable  form.  For  example,  the 
primary  strain  and  wide  gain  channels  should  be  combined  and  the  response  of 
the  system  removed.  Future  instrumentation  should  include  a  channel  that  is 
flat  in  tne  frequency  range  0.01  to  0.1  llz. 


7.9  AUXILIARY  INSTRUMENTS 

Accelerometers  and  inertial  seismographs  were  part  of  an  auxiliary  system 
operated  at  site  RU-iNV  trom  i'iay  through  July  1971.  The  accelerometers  were 
too  insensitive  to  obtain  useful  recordings  of  low  and  low-intermediate  yield 
explosions  at  the  distances  involved  (100-120  km)  to  use  in  a  survey  of  step 
strain  amplitude  as  a  function  of  incident  energy.  Miere  the  inertial  seismo¬ 
graphs  would  have  been  useful  for  low  and  low-intermediate  yield  explosions, 
the  portable  strains  were  not  operating  at  optimum  sensitivity,  and  when  large 
magnitude  earthquakes  were  useful  in  strain  coupling  studies,  the  signals  on 
the  inertial  seismographs  at  RII-NV  were  clipped.  An  optimum  distance  range 
for  auxiliary  inertial  instruments  in  support  of  portable  strain  measurements 
for  low  and  low-intermediate  yield  events  is  about  20-40  km. 


7.10  TRENCHES  VERSUS  TUNNELS 

lhc  relative  merits  of  tunnels  and  trenches  as  discussed  in  section  6.3 
show  clearly  the  advantages  of  trench  sites.  The  reaction  of  tunnel  sites 
to  temperature  changes  not  exceeding  diurnal  periods  in  length  lias  not  been 
examined  in  detail  sufficient  for  reporting  of  the  results.  However,  it  is 
evident  that  ‘ranch  sites,  despite  their  close  proximity  to  the  surface, 
appear  to  be  as  stable  as  tunnel  sites.  Benioff  (1959)  points  out  that  on 
flat  earth,  surface  temperature  variations  produce  stress  variations  at  depth, 
but  little  or  no  strain  increments.  The  fact  remains,  however,  that  the 
short-term  strains  bear  no  simple  relationship  to  the  measured  temperatures. 
Therefore,  it  is  recommended  that  more  advanced  analysis  techniques  be  applied 
to  existing  trench  data,  particularly  in  view  of  the  advantages  noted  for  the 
use  of  trenched  strainmeter  installations. 
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APPENDIX  1  to  TECHNICAL  REPORT  NO.  71-20 
STATEMENT  OF  WORK  TO  BE  DONE 


STATEMENT  OF  WORK  TO  BE  DONE 


VELA  T/0703/B/ASD(32) 
Amendment  No .  4 


18  September  1970 

d.  Expansion  and  Extension  of  Special  Projects  Actions.  Certain 
actions  initiated  and  conducted  under  Tasks  a,  b,  and  c  above  require 
extension  of  the  time  period  originally  provided  and  of  the  level  of  effort 
as  follows: 

"(1)  Operation  of  the  six  existing  and  installed  strainmeter 
systems  initiated  during  Aug  1970  is  to  be  continued  through  the  project 
period.  Continuous  data  recording  and  subsequent  analysis  of  long-term 
environmental  effects  observed  during  this  period  is  required.  Dctailcu 
interpretations  of  strain  data  obtained  from  significant  individual  events 
arc  required  at  a  rate  of  approximately  one  event  per  month  to  be  selected 
as  data  are  collected  or  as  specified  by  the  Government." 
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APPENDIX  2  to  TECHNICAL  REPORT  NO.  71-20 


PRELIMINARY  COMPARISON  OF  NTS  EXPLOSIONS  CYATilUS  AND  BANE BERRY 


PRELIMINARY  COMPARISON  OF  NTS  EXPLOSIONS  CYATIIUS  AND  BANEBERRY 


by 

Robert  C.  Shop  land 


lliis  report  contains  a  preliminary  comparison  of  the  relative  ground  motion 
of  two  NTS  explosions,  CYATIIUS  and  BANKBERRY,  which  were  of  equal  predicted 
yield  and  occurred  at  approximately  the  same  epicenter. 

Conventional  short-period  and  long-period  pendulum  records  from  Queen  Creek, 
Arizona  (QC-AZ)  at  an  epiccntral  distance  of  El 8  km  indicate  that  the  ground 
amplitude  of  BANEBERRY  on  18  December  1970  is  approximately  six  times  that  of 
CYATIIUS  on  Ob  March  1970,  as  shown  in  figures  1  and  2.  Both  events  arc  played 
back  from  magnetic  tape  at  approximately  equal  system  magnifications. 

Amplitude  ratios  between  the  two  events  arc  listed  in  table  1  for  various 
phases. 

To  aid  in  determining  the  relative  character  of  the  two  events,  the  short -period 
vertical  pendulum  outputs  have  been  played  back  at  approximately  equal  trace 
amplitude  in  figure  3.  The  I’n  and  I’g  phases  for  the  two  events  are  almost 
identical  on  the  short -period  traces.  However,  it  is  noted  that  CYATIIUS  is 
recorded  on  the  vertical  trace  (PZS)  with  less  amplitude  variation  at  periods 
exceeding  approximately  1  second,  particularly  in  the  coda  of  l’g  and  in  the 
coda  of  the  surface  group.  The  vertical  long-period  surface  wave  on  trace  PIE 
in  figure  2  has  a  shorter  period  for  CYATIIUS  than  for  BANEBERRY.  However,  the 
character  of  the  long-period  surface  wave  recorded  on  the  P325I.  component  of 
figure  3  shows  little  difference.  Additional  information  will  be  available 
after  a  spectral  analysis  is  run.  Inertial  data  from  the  LRSM  site  at  lloulton, 
Maine  (I  IX  -  ME  ^  and  Tonto  l-'orcst  Observatory  (TEO)  will  be  evaluated  at  a  later 
date  for  the  two  events. 

In  contrast  w»*  !i  relatively  large  ground  amplitudes  recorded  at  QC-AZ  from 
BANEBERRY,  two  i.RSM  portable  strainmeter  sites  (YM-NV  and  QM-NV)  at  A  50  km 
indicate  about  one -half  as  much  earth  strain  from  BANEBERRY  as  from  CYATIIUS, 
as  shown  in  figure  4.  Values  of  maximum  quasi -static  strain  and  the  ratio  of 
the  strains  for  the  two  events  are  listed  in  table  2.  Although  it  is  reasonable 
to  question  the  validity  of  the  strain  data  on  the  basis  that  the  amplitude 
of  the  signals  are  of  the  order  of  magnitude  of  the  background  noise,  it  is 
worthy  of  note  that  the  strain  steps  correspond  to  the  arrival  time  of  the 
signal.  Furthermore,  the  start  of  the  strain  step  for  BANEBERRY  at  sites  YM-NY 
and  QM-NY  coincides  with  the  arrival  of  the  S  wave.  It  is  also  interesting  to 
note  that  the  rise  time  for  CYATIIUS  is  about  1  minute  in  duration,  whereas 
that  of  BANEBERRY  is  about  2  minutes. 
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A  comparison  of  portable  strain  sites  TI-NV  and  OR  mu  c 

°P'rating  durin«  0I1C  the  'other 
V  and  ldl_NV  werc  too  distant  to  record  either  event 
location  of  the  six  portable  strainmeter  sites  discussed 


not  possible  because 
of  the  events.  Sites 
Figure  5  shows  the 
above. 


A  high-frequency  strain  channel  rn  i  cn  n-\ 

sites  during  BANKBFRRY  but  no  liioh  f  ■.  ~  WaS  °Pcratctl  ut  the  portable  strain 

available  during  CYATHUS  ii  g  requency  response  data  above  0.01  II;  was 
Will  be  possible  *"°rc  “"Prison  of  future  events 

installed  at  sites  K1N.NV  and  ^ 


Records  from  QC-AC  were 
from  the  portable  strain 


furnished  under  Contract  F33O57-O9-C-0121 
sites  under  Contract  F53t>57-70-C-0b4t>.~ 


and  records 
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Table  1.  Ratio  of  maximum  ground  amplitude  of  BANEBliRRY  to  CYATIIUS 
_ for  various  phases _ _ _ 


Phase 

Ainpli tude  Ratio  (BANHBl-RRY/CYATIIUS) 

Sliort-Period 

Long- Period 

Vertical 

(PIS) 

Ilori:  525° 
(P325S) 

Vertical 

(P-L) 

Pn 

7.5 

0.7 

— 

— 

f’g 

0.8 

4.3 

— 

— 

Sg-Lg 

5.0 

/  .  - 

— 

— 

PR 

7.0 

4.8 

5 . 8 

4.0 
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Portab le 
Strain 
Si  tc 


QM-NV 

YM-NV 


Table  2. 


Ratio  of  maximum  quasi -static  strain 
CYAT1IUS  and  BAN'RBPRIA 


CYATIIUS 

Strain 

BANI:  BURRY 
Strain 

BANTBIiRRY/CYA'Il  IUS 
Strain  Ratio 

.5  x  10~9  o 

O.uS  x  10"y 

0.45  e 

.  S  x  ID-9  e 

1.1  x  10-y 

O.bl  c 

e  -  extension 
c  -  compression 
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Figure  3.  Magnetic  tape  playback  of  CYATHUS  and  BANEBERRY  events  at  approximately  equal  trace  amplitude 
on  the  short-period  vertical  trace  (RISJ,  trace  1  and  2,  and  on  the  long-period  horizontal 
trace  (P325I.J 
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19  May  1971 


PRELIMINARY  NOTES  ON  THE  SAN'  JOAQUIN  VAi  LEY 
EARTHQUAKE  OF  09  FEBRUARY  1971 
FROJ*  PORTABLE  STRAIN  RECORDS 


by 

Robert  C.  Shop  land 


The  following  table  summarizes  the  observations  made  to  date  on  the 
San  Joaquin  Vrllcy  earthquake  recorded  on  four  of  the  six  portable  strain 
seismographs  in  Nevada.  Listed  are  the  amplitude  of  the  strain  step,  the 
apparent  velocity  of  the  step,  the  apparent  duration  of  the  step,  and  remarks 
on  signal  condition  and  operational  status. 


Site 

Strain  step 
amplitude 

Step  velocity 
(km/scc) 

Apparent 
duration 
principal  step 
(minutes) 

Remarks 

QM-NV 

6.4 

x  10"y  c 

3.UO  km/sec 

1.0 

Good  signal 

YM-NV 

6.5 

u 

C* 

1 

o 

X 

5.03  km/scc 

0.2 

Good  signal 

TI-NV 

2.9 

x  10-‘J  c 

(not  timed  yet) 

Low  signal -to- 
noisc  ratio 

Rli-NV 

8.0 

x  10*y  C 

Cannot  be 
measured 

Recorded  on 
Estcrl ine- 
Angus  paper 
record  only 

KP-NV 

Out 

of  range 

- 

- 

Out  of  range 

OB-NV 

Inoperative 

- 

- 

Inoperat i ve 

c  -  extension 
C  -  compression 
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The  information  contained  in  records  from  QM-NV  and  YM-NV  are  of  excellent 
qnnlity  The  system  sensitivities  were  ideal  for  recording  the  San  Joaquin 
earthquake.  The  low-gain  wide-band  trace  contains  valuable  high-frequency 
information  However,  TI -XV  is  operated  at  a  low  sensitivity  and,  therefore 
had  a  low  si, nal-to-noise  ratio.  The  signal  at  Ril-NV,  recorded  on  Esterline 
Angus  paper,  contains  only  information  on  direction  and  amplitude  of  the  strain 


The  velocity  of  the  strain  step  for  QM-NV  and  YM-NV  arc  in  close  agreement 
and  compare  favorably  to  the  average  velocity  3.0  i0.3  km/sec  reported  by 
hi deman  and  Major  (BSSA,  Dec.  1967).  It  is  significant  to  note  that  the 
strain  step  is  coincident  with  the  arrival  of  the  Sg  phase.  The  step  occurs 
15  to  17  seconds  after  onset  of  the  Sfe  phase  and  prior  to  the  peaking  of  the 
long-period  component.  F  *• 


The  principal  step  associated  with  the  Sg  phase  at  YM-NV  lasts  10  seconds  longer 
than  predicted  by  the  filter  response,  and  at  QM-NV  lasts  1  minute  longer 
than  predicted.  It  is  possible  that  local  strains  are  contributing  to  the 

phase10"  °f  thC  StCP’  °f  tHat  tHC  StCP  “  bcing  tri88ered  by  more  than  one 


Additional  analysis 
reported  in  a  final 


of  the  strain  signal  is  required.  The  results  will  be 
report  on  the  portable  strain  uperation. 
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